Introduction
Human population growth continues, and forecasts indicate a global population of about 8.9 billion in 2050 (Cohen 2003) . This increase of nearly 3 billion since 2005 will require 70% more food production to feed the increased population as well as adequately to feed people who are currently underfed or eat nutritionally deficient diets (FAO 2009 ). While seafood is only responsible for a small fraction of today's global caloric consumption, it is an important animal crop with high protein content and other nutritional advantages. Aquaculture is the main increasing sector for seafood production and the fastest growing of all food commodities, with an average growth rate of around 9% since 1985 (Diana 2009 ). The future role of aquaculture in feeding the hungry is controversial, as some see aquaculture as a polluting and environmentally degrading food production method (Naylor et al. 2000; Ford & Myers 2008) , while others see it as an efficient, expanding and important means to produce more food in a relatively sustainable manner (Duarte et al. 2009; Costa-Pierce 2010) . The purpose of this overview is to evaluate the positive and negative aspects of lower intensity aquaculture, as an introduction to the series of publications resulting from a symposium held at the annual meeting of the American Fisheries Society in September 2011. The papers that follow will provide richer details on many of these effects.
Aquaculture systems vary in the types of containment used, effluent produced and inputs required (Pillay 1993; Lucas & Southgate 2012) . Aquaculture has been categorized into extensive, semi-intensive and intensive methods based on inputs and stocking densities, with intensive methods relying completely on formulated feeds and organisms stocked at high densities, semi-intensive relying on fertilizers or nutritionally incomplete fodders and organisms at moderate densities, and extensive relying on natural production and organisms at low density. The boundaries between these types are not well defined; here the focus will be on extensive and semi-intensive aquaculture (henceforth termed lower intensity aquaculture). These are defined as systems that do not rely on formulated diets at high input rates to completely feed the crop (Appleford et al. 2012) . Much of the criticism of aquaculture has been directed at very intensive systems such as shrimp culture in ponds or salmon culture in cages (Naylor et al. 1998) . However, most global production in aquaculture comes from less intensive means, although direct statistics on proportions are lacking. Costa-Pierce (2010) estimated that only 40% of annual production was derived from aquaculture that used formulated feeds. Verdegem and Bosma (2009) estimated the global average aquaculture production in 2004 derived from ponds alone to be 25.3 million tonnes (MT), representing 56% of the 45.5 MT produced that year (FAO 2010a) . They also estimated the average production levels for these ponds were from 3000 kg ⁄ ha in freshwater to 7530 kg ⁄ ha in brackish water in China, also indicative of lower intensity systems.
Both of these estimates demonstrate that lower intensity production is a common method of aquaculture today.
There remains additional controversy among proponents of aquaculture expansion on the best type of system that should be developed to meet future demands. If one bases the best type on degree of land use or production per unit area, intensive systems should be developed for future needs (Marra 2005; Duarte et al. 2009 ). However, if one evaluates best type on effects of the system on receiving waters, or energy demand of the crop, then lower intensity systems should be developed (Diana 2009; Costa-Pierce 2010; Cao et al. 2011) . Of course, both of these extrapolations depend on the kind of aquaculture practised; for example, zero-exchange recirculating systems are intensive but produce no effluents (Piedrahita 2003) . Both high and lower intensity production will likely be necessary and important in the future, and the environmental performance of each can be improved.
Many less intensive systems provide an opportunity to produce food mainly for household consumption, and possibly for some income (Diana 2009; Hall et al. 2010) . Thus, lower intensity systems have importance beyond the absolute quantity of crop produced, as they also help to solve some poverty and food security issues. A good way to help in poverty reduction, food security and the environment is to consider current systems utilized by small-scale farmers and to do research and extension on those systems so the most sustainable and profitable practices can be encouraged. Development projects have often failed because they do not consider the role of local people, or the beliefs and social constraints that affect the adoption of new systems (Rogers 1995; Schwantes et al. 2009) . A far better means of intervention is to consider the small-scale systems already in place in various locations (which are mainly lower intensity), and to help develop more sustainable practices for those systems.
Aquaculture results in the production of high quality food. This seems obvious, yet many times we ignore that the increased production of food is not a luxury but a necessity. Food production itself produces major environmental impacts (Tilman et al. 2009 ), including land conversion with over 70% of grassland habitat and 50% of savannah converted for agriculture (Foley et al. 2011) . Lower intensity aquaculture is a valuable means to use natural ecological processes to aid in food production, since it does not rely entirely on formulated feeds but often uses waste crops, other available fodder and fertilizer to stimulate natural processes in ponds and to produce a crop. Another form of this aquaculture is even more benign; that is, to use bivalves or seaweed in natural waters to not only grow a crop with minimum human inputs but also to improve water quality in the process. It is difficult to directly compare the efficiency of different food production systems, because the metrics have not been commonly studied and rely on the scope of the study (for example, comparing just energy used in farming or energy used throughout the entire life cycle of feed and fertilizer production) as well as local variations in farming systems. However, Table 1 shows that lower intensity aquaculture is as efficient as chicken production and better than all other forms of meat production (see also Costa-Pierce 2010). Aquaculture is a form of food production and its environmental impacts should be compared with other forms of food production, not with natural ecosystems and their functions (Diana 2009; Costa-Pierce 2010) .
Over 75% of seafood produced in developing countries is consumed locally, indicating that seafood fulfills a special role in expanding food security for the world's poor (Hall et al. 2010) . In the face of population growth and climate change, there is considerable concern about the needs for high quality protein in the diets of millions of the world's poor (Smil 2002) . Seafood produced by aquaculture may have an especially important role in meeting this protein demand in the developing world (De Silva & Soto 2009; Rice & Garcia 2011) .
Numerous authors have evaluated aquaculture and its expansion and have produced rankings of various positive and negative effects of aquaculture on the environment (Egna & Boyd 1997; Boyd 2003; Boyd et al. 2005; Diana 2009; Duarte et al. 2009; Costa-Pierce 2010; FAO 2010b) . These categories include both direct effects, such as the release of invasive fish into natural waters or the eutrophication of waters, and indirect effects, including water and energy use or changes in the means of livelihood for local people. A ranking of the positive environmental impacts of lower intensity aquaculture presented here includes: (i) conservation aquaculture, which is mainly supplementing reproduction in natural populations where recruitment is limited; (ii) improving the quality of natural waters by filtering or consuming of materials done by cultured organisms; (iii) reducing the pressure on wild stocks by providing alternative sources to the market; and (iv) replacing more damaging forms of employment with more sustainable aquaculture jobs. The ranking of the nine negative impacts that are important includes: (i) escapement of alien species that become invasive; (ii) eutrophication of receiving waters from pond effluents; (iii) release of parasites and diseases into natural communities; (iv) escapement of native species with unique genotypes resulting in genetic alteration of natural stocks; (v) land degradation due to pond construction; (vi) release of antibiotics or other drugs into receiving waters; (vii) depletion of natural resources such as water and fishmeal; (viii) loss of benthic biodiversity from settling of sediments produced in the culture system; and (ix) reductions of natural populations by collection of larval or juvenile fish. The purpose of our symposium was to provide an unbiased evaluation of these various effects. My objective here is to use a review of the literature to briefly evaluate each of these potential effects of aquaculture.
Positive effects
There have been numerous publications dealing with the negative effects of aquaculture, so I will start off with positive effects in order to develop a different train of thought. The first positive effect of aquaculture is conservation aquaculture, used in the reseeding of declining natural populations of aquatic organisms. This role has been recognized for hundreds of years, and many government agencies have used fish hatcheries to produce and stock fish into natural waters for various purposes (Halverson 2008) . While much of this stocking has been done to improve sport fish or commercial fish production, some has focused on restoration of declining stocks (CostaPierce & Bridger 2002) . For example, the culture of giant clams (Tridacna spp.) resulted in animals that were used for consumption, for products made from the shells, and for restocking natural populations (Bell 1999) . While this programme had lofty goals for giant clam restoration, it did not achieve the desired increases in clam populations due to limited adoption by private citizens in the Pacific islands. Another programme demonstrating better success was for white sturgeon (Acipenser transmontanus) in the Kootenai River, USA and Canada (Ireland et al. 2002) . Here government organizations established a programme to rear sturgeon in captivity focused on supplementing this endangered fish population. This programme has had success, with 398 fish recaptured later, representing 15% of those originally stocked (Ireland et al. 2002) . Throughout the world there are hatcheries geared to produce threatened and endangered species for reseeding populations (Anders 1999) . Since many of these species will not readily take to artificial feeds, they are often grown in lower intensity systems, where natural foods or nutrients are promoted.
The second positive effect is the cleaning of waters that occurs by consumption of waste materials done by cultured organisms. Such systems have been applied to cleaning up wastes generated by agriculture, sewage discharge and aquaculture effluents. Use of aquatic organisms to consume dense concentrations of phytoplankton, zooplankton and suspended particles in aquaculture ponds is a well known and ancient method, stemming back to polyculture techniques in ancient China, Polynesia and elsewhere (Costa-Pierce 2010). Integrated multi trophic aquaculture has been advanced to absorb mariculture discharges into marine systems, using seaweeds and bivalves to intercept nutrients and particles released from nearby intensive aquaculture cages, reducing the effluent effects of the cages on local water quality (Neori et al. 2004; Troell et al. 2009 ). These seaweed and bivalve crops may be contained in the cage operation itself or in nearby waters.
Beyond the improvement of aquaculture effluents, lower intensity culture is also used commonly as a biomanipulation to remediate damages caused in natural systems by other human induced inputs of nutrients and materials. An improvement in water quality often occurs as a result of culturing bivalves and seaweeds in natural waters that have been degraded (Neori et al. 2004; Xiao et al. 2007; Sequeira et al. 2008) . Bivalve culture is commonly used as a habitat restoration method in polluted bays and, depending on the circumstances, can be a successful means to reduce pollution effects. For example, Sequeira et al. (2008) evaluated the filtering capacity of shellfish in reducing eutrophication of four bays, and found that filterers cleared from 5% to 45% of the bays' volumes daily. They also found strong competition between wild and cultured species of shellfish, so the success of such biomanipulations may depend on the natural communities already present in a bay. Xiao et al. (2007) found similar results in Chinese waters, while Miron et al. (2005) and Crawford et al. (2003) found minimal positive (but no negative) effects of shellfish culture in reducing the productivity of other natural bays. Zhou et al. (2006) and Yang et al. (2006) both described the common method of seaweed culture in China, which takes advantage of rich nutrient supplies in coastal waters and results in significant removal of nutrients by seaweeds. These biomanipulations, while not always successful, are important because they not only improve habitat but also produce a valuable crop for human consumption, animal feeds or other uses.
The third positive effect of aquaculture on biodiversity is reducing pressure on wild stocks by providing alternative sources of that product in the market. In the 1980s, it was commonly believed that aquaculture could not compete in the market place with a wild fish crop, so that aquaculture only expanded into areas with small wild harvests or where harvests declined due to overfishing. However, in more recent years the development of aquaculture for common commercial species such as Pacific salmon and shrimp has changed this paradigm. Diana (2009) provided evidence that when cultured Atlantic salmon (Salmo salar) increased in production, wild fish harvests declined and natural populations rebounded. This demonstrates replacing the wild crop in the marketplace with cultured fish, with a decline on harvest pressure for wild stocks and the potential for restoration of natural populations. For species grown in lower intensity systems, there are also a number of examples of replacement and expansion trends in wild and cultured species (Fig. 1) . For all four of the selected species, aquaculture grew dramatically from 1950 to the present and exceeded capture fisheries in yield. In all cases, the market is now dominated by cultured products. For snakeskin gourami (Trichogaster pectoralis) and the seaweed Laminaria, capture fisheries declined to near zero after culture expanded, while for Nile tilapia (Oreochromis niloticus) and scallops, a substantial but much lower capture fishery persisted after the development of aquaculture [data from FAO (2010a) ]. Of course, this simple analysis does not evaluate whether the capture harvests are sustainable or whether the replacements in the market have enhanced wild populations by reducing pressure on these species, but it at least indicates that the markets are changing as a result of lower intensity aquaculture.
The fourth positive role of aquaculture is replacing damaging forms of employment with more sustainable aquaculture jobs. This is a double-edge sword, as at times aquaculture interferes with local artisanal fishing, which can be sustainable employment. However, artisanal fishing is also suffering greatly from overfishing and competition with offshore commercial fishing in marine environments (Heck et al. 2007; Hall et al. 2010) . Aquaculture employment in many parts of the world can be more lucrative (Schwantes et al. 2009 ), long-term and safer than many other rural jobs for poor people (Pomeroy et al. 2006b ). Pomeroy et al. (2007) presented a particularly troubling case of 'fish wars' that developed after overfishing resulted in low yields and much competition for capture fisheries in Southeast Asia. Replacement of capture fisheries by aquaculture, either in overexploited situations or in situations where exploitation is harming natural biodiversity, can result in net benefits to both the local community and to biodiversity. For example, Pomeroy et al. (2006a) evaluated the replacement of harmful fishing with aquaculture for coral reef species, and while he found many challenges to this conversion, conversions had occurred. Similarly, Pollnac et al. (2001) found that many fishers in poor communities in Vietnam wanted to convert to aquaculture as a means of better living, and this would also reduce fishing pressure on overfished stocks. Even beyond the fishing trades, small-scale aquaculture may Lower intensity aquaculture for food Reviews in Aquaculture (2012) 4, 234-245 ª 2012 Wiley Publishing Asia Pty Ltd provide a safer and less damaging income than slash-andburn agriculture (Jones et al. 2007) or many rural and urban jobs (Singh & Dey 2010) , and as such can provide security to humans as well as less damaging activities than would exist without aquaculture. Examples of the use of aquaculture to enhance human job security and safe employment include the work of many NGOs such as Caritas in Bangladesh and Nepal to provide aquaculture training and outreach to help produce better and more sustainable livelihoods for the rural poor (Diana 2009 ). Costa-Pierce (2010) showed that aquaculture not only provided jobs for people working on farms, but more employment was generated in processing and marketing the fish produced than in the original farming jobs.
Negative effects
There are also a number of negative impacts that lower intensity aquaculture has had on the environment. Once again, it is important to put these into context, compared with other stressors, particularly agriculture. The first and most important of these negative effects is escapement of alien species that become invasive. Many people consider Asian carps and tilapia to be prime examples of invasive aquatic species, and both were largely introduced throughout the world for aquaculture production. In fact, up to 90% of the yield for the 22 species of freshwater finfish that produce over 10 000 tons in aquaculture annually is from alien species, and 16% of global aquaculture production results from alien species used in production (De ). evaluated the documented cases of harm from tilapia introductions and acknowledged that many cases were not well documented as to the end result of alien species release into natural waters. There were 349 cases of known releases, 17 with adverse ecological impacts, 13 with beneficial, and the remainder with an unknown effect. They proposed that fresh introductions of alien species should not occur in aquaculture development, and indigenous species would be better candidates for aquaculture expansion into new locations. There is not consensus on the promotion of indigenous species in aquaculture, as the FAO (2008) also considers genetic improvement and domestication as a good means of aquaculture development. This focus on indigenous species also contradicts the history of agriculture, where few strains or species of animals were developed in domestication, and they are used nearly universally.
The case history of tilapia as an alien and invasive species is sobering, as many documented cases of damage have resulted from tilapia introductions (Canonico et al. 2005; ). Aquaculture has played a role in this, although more than half of the documented introductions of tilapia were not the result of commercial aquaculture but of intentional stocking of tilapia in natural waters by governmental entities (Canonico et al. 2005) . Peterson et al. (2005) determined that tilapia were the sixth most common species collected in their study in Mississippi watersheds. They also found that both aquaculture operations and power plant effluents were The second negative impact of lower intensity aquaculture is eutrophication of receiving waters from farm effluents. This impact includes mainly effluents from ponds, as seaweed or mollusc culture in the nearshore environment rarely causes water quality problems. Lower intensity pond systems produce effluents that can have effects on receiving waters (Boyd 2003) . Most ponds using lower intensity aquaculture do not have a regular exchange of water, because that would result in a loss of the nutrients used to drive production. However, most still discharge water during precipitation events, flooding or harvest (Boyd 2003) . The discharge of nutrients, suspended solids and other materials at harvest can be a major impact of aquaculture, and commonly results in the eutrophication of receiving water bodies (Trott & Alongi 2000; MacKinnon et al. 2002) . While studies on effluents from lower intensity systems may not have demonstrated effects on biodiversity of receiving waters, there are numerous studies on eutrophication demonstrating significant losses of intolerant species and shifts in dominant species due to eutrophication (Agostinho et al. 2005; Gong & Xie 2011) . There are also a number of studies evaluating how to remediate effluent effects through water treatment in ponds, drainage into settling ponds and harvest methods (Boyd 2003; Lin & Yi 2003) . Governments are moving to regulate and enforce effluent standards in all forms of aquaculture (Boyd 2003) , based on the general knowledge of eutrophication effects and the methods available to reduce the impact of pond effluents.
The third negative impact is the release of parasites and diseases into natural communities. For intensive systems, this has been the subject of much debate in the salmon-sea lice issue (Krkosek et al. 2007; Brooks & Jones 2008) . One example of this issue for lower intensity aquaculture is the spread of Koi herpes virus from the ornamental fish trade to common carp (Cyprinus carpio) aquaculture, then to wild carp populations (Bondad-Reantaso et al. 2005) . If water from diseased aquaculture facilities is exchanged with natural waters, disease organisms will be introduced into natural waters, and their spread will depend on local conditions (Bondad-Reantaso et al. 2005) . Another example of disease spread caused by lower intensity aquaculture is the mass mortality of oysters and crayfish that occurred with the importation of new species from the Pacific and America (Murray & Peeler 2005) . The disease problem in aquaculture has led to management developments such as the use of specific pathogen free (SPF) organisms and antibiotics. Antibiotic release is a concern that will be covered later. The SPF brood stock has revolutionized the shrimp industry, with the changeover from Penaeus monodon to Litopenaeus vannamei occurring once SPF broodstock of the latter species became available (Lightner 2005) . The term SPF indicates organisms that have been reared in pathogenfree conditions for certain diseases, so the starting point of a brood stock is to produce young that will initially be pathogen-free. However, these organisms are no more resistant to pathogens in the culture system than any other organisms, so clean culture is still required. So far the widespread use of SPF broodstock is limited to the shrimp industry, but SPF individuals of a variety of fish species have been used in many hatchery cases to replace diseased brood stock when a particular outbreak occurred (Amend 1976) , and the development of SPF broodstock of other species could occur if disease outbreaks became major issues (Bondad-Reantaso 2007).
The fourth negative impact is escapement of native species resulting in genetic alteration of natural stocks. The genetic effects of escaped organisms on natural species have been emphasized in salmon culture, particularly Atlantic salmon (Fleming et al. 2000) . Similar concerns have been expressed for a variety of marine finfish (Youngson et al. 2001) , salmonids (Hiundar et al. 1991) and clams (Kong & Li 2007) , to name a few. This leads to a controversy (Bartley et al. 2009 ) that some culturists would prefer to Lower intensity aquaculture for food Reviews in Aquaculture (2012) 4, 234-245 ª 2012 Wiley Publishing Asia Pty Ltd see strong selection for faster growing and more disease resistant strains of aquatic species, while others prefer less domestication and the use of native or sterile fish for culture purposes. Most genetic selection for improved growth and food utilization has occurred in intensively produced fish (Hulata 2001) , although the historic domestication of carps and the current development of GIFT tilapia are examples of this process for lower intensity culture (Ponzoni et al. 2005) . Some aquaculturists are currently calling for the culture of locally existing organisms (De Silva & Soto 2009; Diana 2009 ), while others desire better domestication, genetic selection and even genetic modification (Hulata 2001; FAO 2008; Bartley et al. 2009 ).
The fifth negative effect is land degradation due to pond construction. There is an obvious link between the clearing of land for human purposes and the loss of biodiversity, most commonly expressed in the species-area curve. In freshwater systems, virtually all lower intensity aquaculture is done in ponds. With their lower level of production, these ponds take up much more space to produce the same biomass of crop compared with cages or intensive ponds. Land conversion for human food production is a global issue today, with over 25% of the earth's surface (33 million square km) cleared as grazing lands for meat and milk production (Asner et al. 2004) . In comparison, estimates of land cleared for pond culture (11 100 000 ha or 111 000 km 2 , Verdegem & Bosma 2009) is only about 0.3% of the land used in meat production. Comparing land clearing for these two purposes, even considering the difference in total production, can at least be estimated in simple calculations. Pond aquaculture production (mainly semi-intensive) was about 25.3 MT in 2008, while meat and milk production about 863 MT, so the fraction of pond-produced seafood to meat was 2.9%. However, given the production levels and land use for each pursuit, pond aquaculture produced nine times more mass of crop than meat and milk on a hectare of land. This also assumes that all meat and milk was grown on range land, which of course is not the case, so it makes the meat value higher than actual. Such an analysis discounts the quality of the land used in each conversion, which may be prime agricultural areas, coastal sites or wetland habitats of value in the water cycle. Another land-use issue in aquaculture is the construction and abandonment of ponds, especially in the case of marine or brackish water systems, where the soils are damaged and may not be immediately useful for other agricultural pursuits (Naylor et al. 1998) . While pond abandonment is an issue (Barbier & Cox 2004) , particularly in areas where animal diseases become established, the reuse of those ponds is also common and in the longer term most pond areas are reclaimed and used in aquaculture or other human pursuits (Clark 2003) .
The conversion of mangroves to ponds is a special problem here (Flaherty & Karnjanakesorn 1995) . While the cases that have been made are mainly on shrimp aquaculture, comparable issues arise in lower intensity culture of milkfish (Kuhlmann et al. 2009 ). Mangroves are important nursery areas for fish and marine shrimp, and as such they also support a significant harvest in nearby waters. de Graaf and Xuan (1998) determined that 1 ha of mangrove in Vietnam supported approximately 450 kg of marine fishery harvest, while others estimated this value at 100-1000 kg (Turner 1977; Lal 1990; Hambrey 1996) . Overall, land conversion and degradation occurs in aquaculture, but not as extensively or any more damaging in general than land conversion for agriculture or urban growth, and both of those uses have converted much more land than aquaculture.
The sixth negative impact is release of antibiotics or other drugs into receiving waters. This has been a major concern in intensive culture, where studies of sediments near culture facilities often show elevated chemotherapy agents (Lalumera et al. 2004) . Antibiotic use is an important issue in fed aquaculture, where it can be administered in feeds (Burridge et al. 2010) . Its use in non-fed systems is much less but still present. Major concerns are for human health, but these materials also can have significant effects on fish and invertebrates as well. These effects include the emergence of antibiotic-resistant bacteria in aquaculture areas, an increase in antibiotic resistance in fish pathogens, the transfer of resistance to bacterial pathogens of land animals and humans, and the alteration of the bacterial communities of sediments and receiving waters (Cabello 2006) . In many countries, antibiotics are banned or strictly limited for aquaculture production, but these guidelines are not often followed. It is a major impact of aquaculture, and agriculture for that matter, and is the target of a number of regulations and best practices. While there is a strong opinion that the use of antibiotics in aquaculture should be avoided and regulated, this is not the case in all producing countries (Burridge et al. 2010) . Such management techniques as improved sanitation in the culture system, development of vaccines, improved water quality and treatment of aquaculture discharges in settling ponds or other facilities are all alternative methods of disease control, which are very effective and should be used (Cabello 2006) .
The seventh negative impact is a reduction of natural resources including water and fishmeal species. While the biggest issue in water use is related to the scarcity of water and its need for human quality of life (Radulovich 2011) , there are also clear implications on the environment when water is removed from surface sources, especially in arid climates (Verdegem & Bosma 2009 ). Since lower intensity systems generally do not use large volumes of formulated feeds with a high fishmeal content, the lack of fishmeal depletion can be considered a benefit of lower intensity farming for most species. However, water use remains a major natural resource sink that is important in lower intensity aquaculture. Verdegem and Bosma (2009) did an excellent analysis of water use in pond aquaculture. The details of water use are system specific and too complex to evaluate completely here. Average global water use in freshwater aquaculture is 16.9 m 3 ⁄ kg of production, with 30% going to evaporation, 40% to seepage, 10% to feed production and 18% to discharge (Verdegem & Bosma 2009 ). Current water use in aquaculture is more on a per kg basis for freshwater fish from ponds (16.9) than for beef (8.4, Verdegem et al. 2006) . However, intensive and recirculating systems for fish use water in amounts similar to beef or even better. The actual ratio depends greatly on the quality of water discharged from ponds at harvest (Verdegem et al. 2006) , because seepage and discharge water are returned to natural systems and may not be degraded if water quality is maintained. Mariculture uses water only based on water needed for food ingredient production, which means seaweed culture is water neutral (Radulovich 2011) , but cage culture of animals is fed and uses about 2.9 m 3 of water per kg produced. Finally, brackish water culture has high water demands, as the mixture of fresh and salt water means that none of the discharge can be returned to productive use on the land. Verdegem and Bosma (2009) evaluated options for lower intensity ponds and determined that lower flushing rates and feeding rates, using feed ingredients with lower water demand, or not feeding at all resulted in less water use. Their final recommendations also included paying better attention to water quality in ponds, improving management practices to produce more yield in the same quantity and quality of water, and reducing dependence on water intensive grains in feed. All of these should be components of well-managed aquaculture systems for the future.
The eighth negative effect is the loss of benthic biodiversity from settling of sediments produced in the culture system. Once again the main criticism for this effect has been related to net pen culture of salmonids (Brooks et al. 2003) as well as other fish cages (Dimitriadis & Koutsoubas 2011) . However, sediments are a common constituent of pond discharges, and the settling of suspended sediments in natural waters results in a loss of benthic organisms in areas where currents do not eliminate sediment accumulation (Longdill et al. 2007) . Similar issues occur due to the production of pseudofaeces in oyster culture. Here again some perspective is in order. The major factor causing such settlement of sediments and anaerobic deep waters in coastal environments is land-based agriculture and overuse of nitrogen fertilizers (Rabalais et al. 2002) . The area of dead zones globally exceeded 245 000 km 2 in 2006, which is well in excess of any estimates for potential smothering caused by aquaculture. However, this lower damage compared with agriculture does not excuse aquaculture to discharge sediments because it is not the major polluter. Earlier cited studies on bivalves (Crawford et al. 2003; Miron et al. 2005) demonstrated varying sediment accumulation below these culture systems, and studies of intensive fish production produced more dramatic effects (Brooks et al. 2003; Dimitriadis & Koutsoubas 2011) . Pond aquaculture should treat discharges with sediment basins (Boyd 2003) and bivalve culture should reduce stocking densities in an area (Crawford et al. 2003) or use integrated culture with detritivores such as sea cucumbers (Ahlgren 1998 ) to reduce local sedimentation effects.
The final negative interaction is collection of larval or juvenile fish from natural populations. This can reduce the abundance of natural populations, leading to reduced yield from wild fisheries or even recruitment failure (Cicotti 2005 ) and high mortality rates in species incidentally collected with the target organism (Bhattacharya & Sarkar 2003) . Collection of wild seed is particularly important in lower intensity aquaculture because artificial reproduction and control of the entire life cycle is usually necessary for most types of intensive culture (Stickney 1993) , with the notable exception for some types of shrimp (Azad et al. 2009 ). As aquaculture has progressed, methods have been developed artificially to produce young of most species under controlled conditions, making the need for wild seed collection relatively rare. This is not necessarily true for new or indigenous species, or in some developing countries (Primavera 2006) , so closing the life cycle to permit hatchery production of seed should be a first priority in the culture of a new species.
The future
Considering all of the positive and negative impacts above, should we promote lower intensity aquaculture in the future? Such a decision requires a synthesis of all the positive and negative effects listed above and the consideration of the need for food in the future. For most systems, more limited alteration of water quality and the limited use of fishmeal in formulated feeds allow lower intensity aquaculture to avoid many of the major pitfalls of intensive methods. When compared with most terrestrial agriculture, it produces protein-rich food more efficiently in terms of energy inputs, food conversion and land area affected. While it may have significant negative environmental impacts, many of those impacts can be improved with research and extension of new systems including the culture of indigenous species from the For lower intensity aquaculture to really flourish, more systems need to be developed using indigenous species from low trophic levels that produce crops using natural processes that can be enhanced by management. In addition, we should expand the use of bivalves and seaweeds to remediate intensive aquaculture wastes as well as to remediate pollution in bays and other coastal waters. This relies on the produced bivalves and seaweed having an expanded market so the additional crop can be sold and used in products such as animal feed, compost for land crops, or algal products that have economic value. These are win-win situations, where pollution problems are cleaned up and a valuable crop is also produced.
We need to expand food availability over the next 40 years, most likely by increasing most means of food production. Much production by lower intensity aquaculture comes from small-scale local systems used in the developing world, and those systems are expanding. Aquaculture has a special role in local food security in these areas. The research community should help developing countries expand their food production and income generating capacity, and the best means of doing that is to do research and extension on existing production systems so the most sustainable and profitable ones can be encouraged. Fitting of these systems into the social context of the area in question is of extreme importance. A major research role for aquaculture institutions should be to consider the systems already in place in various locations and to help adapt them for future use.
